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Abstract 

Background: Esophageal squamous cell carcinoma (ESCC) remains a major cause 
of cancer mortality, and postoperative risk assessment is still anchored mainly in 
pathological stage and lymph node status. Fibroblast-specific protein-1 (FSP1), also 
known as S100A4, has been linked to cell motility, epithelial-mesenchymal transi-
tion, and tumor-stromal remodeling. Its relationship with nodal metastatic burden 
in resected ESCC, however, has not been fully clarified. Methods: We retrospec-
tively analyzed 121 patients with surgically resected ESCC and 20 adjacent non-
tumor tissue samples. FSP1/S100A4 expression was assessed by immunohisto-
chemistry and classified as low (-/+) or high (2+/3+). Associations with clinico-
pathological variables, lymph node metastasis, positive lymph node count, lymph 
node ratio (LNR), Ki-67 index, and overall survival (OS) were evaluated. Kaplan-
Meier analysis, log-rank testing, and Cox regression were performed for OS. Re-
sults: FSP1/S100A4 positivity was present in 110 of 121 ESCC samples (90.9%) 
and in none of the 20 adjacent non-tumor samples (P<0.0001). High FSP1/S100A4 
expression was identified in 53 patients (43.8%) and was associated with lymph 
node-positive disease (P=0.0014), higher N category (P=0.0032), higher patholog-
ical stage group (P=0.0042), more positive lymph nodes (median 2 vs. 0; P=0.0002), 
higher LNR (median 0.14 vs. 0.00; P=0.0011), and a slightly higher Ki-67 distribu-
tion (P=0.0251). Ordered FSP1/S100A4 expression correlated positively with N 
category, positive lymph node count, LNR, and Ki-67, and inversely with OS. Pa-
tients with high FSP1/S100A4 expression had shorter OS than those with low ex-
pression (median OS, 18 vs. 37 months; log-rank P=0.0071). In univariate Cox anal-
ysis, high FSP1/S100A4 expression was associated with worse OS (HR=1.86, 95% 
CI 1.17-2.95, P=0.0089), but the association was attenuated after adjustment for N 
category or LNR. Conclusions: In this cohort of resected ESCC, FSP1/S100A4 was 
frequently expressed in tumor tissue and was closely related to nodal metastatic 
burden and poorer postoperative survival. Its prognostic effect was not independent 
of nodal variables, suggesting that FSP1/S100A4 is best interpreted as a potential 
adjunctive pathological marker of nodal metastatic aggressiveness rather than as a 
stand-alone survival determinant. 
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1. Introduction 

Esophageal cancer remains a clinically challenging malignancy with substantial geographic variation in incidence 
and histological subtype. Recent global estimates from GLOBOCAN 2022 reported approximately 511,000 new 
cases and 445,000 deaths worldwide; the disease burden is especially high in East Asia, where ESCC predominates 
[1, 2]. Even after complete resection, patient outcomes vary widely. This heterogeneity is particularly apparent in 
locally advanced tumors, where conventional pathological descriptors do not always capture the biological behavior 
responsible for early recurrence or death [3-5]. 

Among routinely available pathological variables, nodal disease has consistently been one of the strongest prog-
nostic factors after esophagectomy. The AJCC/UICC eighth edition staging system classifies regional nodal involve-
ment according to the number of metastatic lymph nodes, underscoring the prognostic gradient across N categories 
[6,7]. Lymph node ratio (LNR), defined as the ratio of metastatic to examined lymph nodes, has also been studied as 
a complementary measure because it combines the extent of nodal disease with the adequacy of lymphadenectomy 
[8-11]. Biomarkers that correlate with nodal metastatic burden may therefore be clinically informative, even if they 
do not remain independent after nodal adjustment. 

FSP1 is a historical name for fibroblast-specific protein-1, more commonly referred to as S100A4. This nomen-
clature is important because FSP1 is also used in the ferroptosis literature to denote ferroptosis suppressor protein 1 
(AIFM2); throughout this study, FSP1 refers to S100A4. S100A4 is a small calcium-binding protein involved in 
cytoskeletal remodeling, cell motility, invasion, angiogenesis, and tumor-stroma communication [12-15]. In ESCC, 
earlier clinical and experimental work suggested that S100A4 expression is increased in tumor tissue, contributes to 
invasive behavior, and may be associated with poor outcomes [16-18]. 

Cancer-associated fibroblasts (CAFs) provide another biological context for FSP1/S100A4. CAFs are not merely 
structural cells in the tumor bed; they remodel the extracellular matrix, release cytokines and growth factors, influence 
immune and vascular compartments, and contribute to metastatic dissemination and treatment resistance [19-23]. In 
ESCC, stromal FSP1/S100A4 has been identified among CAF-related markers with adverse prognostic implications 
[24]. However, the relationship between FSP1/S100A4 expression and quantitative nodal metastatic burden, includ-
ing positive lymph node count and LNR, remains insufficiently described. 

The present study evaluated FSP1/S100A4 immunohistochemical expression in a retrospective cohort of surgically 
resected ESCC. We focused on whether FSP1/S100A4 expression was associated with lymph node metastasis, N 
category, LNR, Ki-67 index, and postoperative survival. Rather than assuming an independent prognostic role, we 
specifically tested whether the survival association persisted after adjustment for nodal variables. 

2. Materials and Methods 

2.1 Study Population 

This retrospective study included 121 patients with surgically resected esophageal squamous cell carcinoma (ESCC) 
who had available clinicopathological and follow-up data. Twenty adjacent non-tumor tissue samples were included 
as controls for immunohistochemical comparison. All patient-level analyses were performed in the 121 tumor cases. 
The collected variables included sex, age, tumor location, lymph node status, N category, TNM category, pathological 
stage group, positive and total dissected lymph node counts, histological grade, postoperative adjuvant treatment, 
survival status, overall survival (OS) time, FSP1/S100A4 staining intensity, and Ki-67 index. All tumor cases in the 
available dataset were T3 and histological grade 2; therefore, T category and differentiation grade were not included 
as discriminatory variables. 

The study was approved by the Institutional Review Board of The Bengbu Medical University (Approval No. 
LKPZ2022190). Because of the retrospective nature of the study, the requirement for written informed consent was 
waived. The study was conducted in accordance with the Declaration of Helsinki. 

2.2 Immunohistochemistry 

Formalin-fixed, paraffin-embedded tissue specimens were retrieved from the Department of Pathology. Immuno-
histochemical staining was performed using the standard streptavidin-peroxidase method. Briefly, 4-μm sections were 
deparaffinized, rehydrated, and subjected to antigen retrieval in 0.01 M citrate buffer (pH 6.0). After blocking endog-
enous peroxidase activity, the sections were incubated overnight at 4°C with anti-FSP1/S100A4 antibody (ab124805, 
1:200; Abcam, Cambridge, UK) or anti-Ki-67 antibody (ab16667, 1:400; Abcam). The sections were then incubated 
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with an HRP-conjugated secondary antibody using the SP-9001 detection kit (Zhongshan Golden Bridge Biotech-
nology, Beijing, China). Staining was visualized with 3,3′-diaminobenzidine and counterstained with hematoxylin. 

Two senior pathologists, blinded to clinicopathological and survival data, independently reviewed the stained sec-
tions. FSP1/S100A4 staining intensity was recorded as negative (-), weak positive (+), moderate positive (2+), or 
strong positive (3+). For the main analysis, negative and weak-positive cases (-/+) were classified as the low-expres-
sion group, whereas moderate and strong-positive cases (2+/3+) were classified as the high-expression group. The 
Ki-67 proliferation index was defined as the percentage of tumor cells showing positive nuclear staining and was 
analyzed as a continuous proportional variable. 

2.3 Clinicopathological Definitions and Follow-up 

N category was recorded as N0, N1, N2, or N3 according to the number of metastatic regional lymph nodes. Lymph 
node-positive disease was defined as the presence of at least one metastatic lymph node. Positive and total dissected 
lymph node counts were extracted from the recorded “positive/total” format. The lymph node ratio (LNR) was cal-
culated by dividing the number of metastatic lymph nodes by the total number of examined lymph nodes. Pathological 
stage group was recorded as IIB, IIIB, or IVA. 

Patients were followed after surgery through outpatient visits, telephone interviews, and review of medical records. 
Follow-up was generally performed every 3 months during the first 2 years, every 6 months from years 3 to 5, and 
annually thereafter. The final follow-up date was December 2024. OS was defined as the interval from radical esoph-
agectomy to death from any cause or last follow-up. The median observed OS time in the dataset was 28 months, 
with a range of 2 to 91 months. Although the dataset contained PFS-months, it did not include a separate recurrence, 
progression, metastasis, or PFS event indicator. Therefore, PFS-months was treated as an exploratory continuous 
time-related variable rather than as a formal time-to-event endpoint. 

2.4 Statistical Analysis 

Categorical variables are presented as counts and percentages and were compared using the chi-square test or Fisher’s 
exact test, as appropriate. Continuous variables are presented as medians with interquartile ranges or group medians 
and were compared using the Mann-Whitney U test. Spearman rank correlation was used to assess associations be-
tween ordered FSP1/S100A4 expression and clinicopathological variables. OS was evaluated using Kaplan-Meier 
curves and the log-rank test. Cox proportional hazards regression was used for univariate and multivariate OS anal-
yses. Multivariate models were constructed to assess whether the prognostic association of FSP1/S100A4 persisted 
after adjustment for nodal variables. All tests were two-sided, and P values <0.05 were considered statistically sig-
nificant. 

3. Results 

3.1 Patient Characteristics 

The cohort included 121 patients with resected ESCC. There were 95 men and 26 women, and the median age was 
64 years. Pathological stage group was IIB in 51 patients, IIIB in 62, and IVA in 8. N category was N0 in 51 patients, 
N1 in 38, N2 in 24, and N3 in 8. Seventy-one patients (58.7%) had lymph node-positive disease. During follow-up, 
73 deaths were recorded. The median overall survival for the entire cohort was 28 months (range 2-91 months). When 
stratified by FSP1/S100A4 expression, patients with low expression had a median OS of 37 months, whereas those 
with high expression had a median OS of 18 months (log-rank P=0.0071). Baseline characteristics are summarized 
in Table 1. 

Table 1. Baseline characteristics of the ESCC cohort 

Characteristic Value 

Tumor cases 121 

Adjacent non-tumor controls 20 

Sex, male/female 95/26 

Age, median (IQR), years 64 (59-70) 

Pathological stage group, IIB/IIIB/IVA 51/62/8 
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Table 1 Continued 

Characteristic Value 

N category, N0/N1/N2/N3 51/38/24/8 

Lymph node-positive disease 71/121 (58.7%) 

Death events 73/121 (60.3%) 

Median OS 28 months 

Median PFS-months 24 months 

Median Ki-67 index 0.20 

Median positive lymph nodes 1 

Median LNR 0.10 

3.2 FSP1/S100A4 Expression Is Increased in ESCC tissue 

 

Figure 1. Representative immunohistochemical staining of FSP1/S100A4 in esophageal squamous cell carcinoma (ESCC) and 

adjacent non-tumor tissue. Adjacent non-tumor tissue showed no immunoreactivity (negative, –). ESCC tissues displayed 

variable cytoplasmic FSP1/S100A4 staining, classified as weak (+), moderate (2+), or strong (3+). Original magnifications: 

×200 and ×400, as indicated on the panels. 

 

Figure 2. Distribution of FSP1/S100A4 expression in ESCC and adjacent non-tumor tissues. Panel A shows detailed staining 

intensities (−, +, 2+, 3+), and panel B shows low (−/+) versus high (2+/3+) expression. ESCC tissues exhibit higher expression 

than adjacent non-tumor tissues (P < 0.0001). 
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The immunohistochemical staining images of FSP1/S100A4 in ESCC and adjacent non-tumor tissues are shown 
in Figure 1. Among the 121 ESCC samples, FSP1/S100A4 expression was negative in 11 cases, weakly positive in 
57, moderately positive in 48, and strongly positive in 5. Thus, 68 patients were classified as having low 
FSP1/S100A4 expression and 53 as having high expression. All 20 adjacent non-tumor samples were negative for 
FSP1/S100A4. The frequency of FSP1/S100A4 positivity was significantly higher in ESCC tissue than in adjacent 
non-tumor tissue (90.9% vs. 0%, Fisher’s exact test P < 0.0001) (Figure 2). The Ki-67 index was also higher in tumor 
samples than in adjacent controls (median 0.20 vs. 0.04, P < 0.0001). 

3.3 High FSP1/S100A4 Expression Is Associated with Nodal Metastatic Burden 

High FSP1/S100A4 expression was significantly associated with lymph node-positive disease. Among patients with 
low expression, 31 of 68 had lymph node metastasis, compared with 40 of 53 patients in the high-expression group 
(P = 0.0014). High FSP1/S100A4 expression was also associated with a higher N category distribution (P = 0.0032) 
and a higher pathological stage (P = 0.0042) (Table 2). Because every tumor in the dataset was T3, the stage associ-
ation was driven primarily by nodal status rather than by differences in the depth of invasion.  

Quantitative nodal variables showed the same pattern. The median number of positive lymph nodes was 0 in the 
low-expression group and 2 in the high-expression group (P = 0.0002). The median LNR was 0.00 in the low-expres-
sion group and 0.14 in the high-expression group (P = 0.0011) (Table 2, Figure 3). These results suggest that high 
FSP1/S100A4 expression is linked not only to the presence of nodal metastasis but also to the extent of nodal meta-
static burden. 

 

Figure 3. Association between FSP1/S100A4 expression and nodal metastatic burden. (A) N category distribution. (B) Posi-

tive lymph node count. (C) Lymph node ratio. High expression is associated with increased nodal burden. 

Table 2. Clinicopathological differences according to FSP1/S100A4 expression 

Variable 
Low FSP1/S100A4 (-/+) 

n=68 

High FSP1/S100A4 

(2+/3+) n=53 
P value 

Lymph node-positive disease 31/68 40/53 0.0014 

N category, N0/N1/N2/N3 37/21/8/2 14/17/16/6 0.0032 

Pathological stage group, IIB/IIIB/IVA 37/29/2 14/33/6 0.0042 

Positive lymph nodes, median 0 2 0.0002 

LNR, median 0.00 0.14 0.0011 

Ki-67 index, median 0.20 0.20 0.0251 

Age, median, years 65 64 0.6910 

Sex, male/female 57/11 38/15 0.1227 

Tumor location, middle/lower 39/29 33/20 0.7092 
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3.4 Correlation Analysis 

When FSP1/S100A4 was analyzed as an ordered variable from negative to strong positive, it correlated positively 

with N category (Spearman’s rho=0.275, P=0.0022), positive lymph node count (rho=0.277, P=0.0021), LNR 

(rho=0.222, P=0.0144), and Ki-67 index (rho=0.198, P=0.0294). Ordered FSP1/S100A4 expression correlated in-

versely with OS-months (rho=-0.300, P=0.0008) and PFS-months (rho=-0.300, P=0.0008) (Table 3). 

Table 3. Spearman correlation analysis of ordered FSP1/S100A4 expression 

Variable Spearman rho P value 

N category 0.275 0.0022 

Positive lymph node count 0.277 0.0021 

Lymph node ratio 0.222 0.0144 

Ki-67 index 0.198 0.0294 

OS-months -0.300 0.0008 

PFS-months -0.300 0.0008 

3.5 High FSP1/S100A4 Expression Is Associated with Poorer OS 

Patients with high FSP1/S100A4 expression had shorter OS than patients with low expression. The median OS was 

37 months in the low-expression group and 18 months in the high-expression group. The estimated 3-year OS rates 

were 51.5% and 35.8%, respectively, and the estimated 5-year OS rates were 48.5% and 27.7%, respectively. The 

survival difference was significant by log-rank testing (P=0.0071) (Figure 4). 

 

Figure 4. Kaplan-Meier overall survival curves for patients with resected ESCC stratified by FSP1/S100A4 expression. 

In univariate Cox analysis (Table 4), high FSP1/S100A4 expression was associated with worse OS (HR=1.86, 95% 

CI 1.17-2.95, P=0.0089). Ordered FSP1/S100A4 expression was also associated with worse OS (HR=1.71 per ex-

pression category, 95% CI 1.18-2.47, P=0.0045). Stronger prognostic effects were observed for lymph node positivity 

(HR=2.63, P=0.0002), N category (HR=1.96 per category, P<0.0001), and LNR (HR=8.42, P<0.0001). Adjuvant 

therapy was associated with better OS in univariate analysis (HR=0.54, P=0.0116), although treatment information 

was heterogeneous and incompletely structured. 
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Table 4. Cox regression analysis for overall survival 

Variable/model HR 95% CI P value 

Univariate: high FSP1/S100A4 1.86 1.17-2.95 0.0089 

Univariate: ordered FSP1/S100A4 1.71 1.18-2.47 0.0045 

Univariate: lymph node positivity 2.63 1.58-4.39 0.0002 

Univariate: N category 1.96 1.52-2.51 <0.0001 

Univariate: LNR 8.42 3.77-18.78 <0.0001 

Multivariate model 1: high FSP1/S100A4 adjusted for age, sex, and 

N category 
1.35 0.82-2.21 0.235 

Multivariate model 2: high FSP1/S100A4 adjusted for age, sex, 

lymph node positivity, and Ki-67 
1.49 0.92-2.41 0.104 

Multivariate model 3: high FSP1/S100A4 adjusted for age, sex, 

LNR, and Ki-67 
1.49 0.92-2.44 0.107 

3.6 The Survival Association of FSP1/S100A4 Is Attenuated after Nodal Adjustment 

To determine whether FSP1/S100A4 provided prognostic information beyond nodal disease, multivariate Cox mod-

els were constructed (Table 4). After adjustment for age, sex, and N category, high FSP1/S100A4 expression was no 

longer statistically significant (HR=1.35; 95% CI, 0.82-2.21; P=0.235), whereas N category remained independently 

associated with OS. In a model adjusted for age, sex, lymph node positivity, and Ki-67 index, FSP1/S100A4 showed 

a trend but did not reach statistical significance (HR=1.49; 95% CI, 0.92-2.41; P=0.104). Similarly, after adjustment 

for age, sex, LNR, and Ki-67 index, FSP1/S100A4 was not significant (HR=1.49; 95% CI, 0.92-2.44; P=0.107), 

while LNR remained significant. These findings indicate that the prognostic association of FSP1/S100A4 is largely 

explained by nodal metastatic burden in this cohort. 

3.7 Exploratory Analysis of PFS-months 

The dataset included a continuous variable labeled ‘PFS-months’ but lacked a corresponding event indicator for re-

currence or progression. Therefore, formal progression-free survival analysis could not be performed. A descriptive 

comparison of the raw PFS-months values showed a median of 14 months in the high-expression group and 30 

months in the low-expression group, but this finding should not be interpreted as a formal time-to-event comparison 

and requires validation with complete event data. 

4. Discussion 

This study examined FSP1/S100A4 expression in a retrospective cohort of resected ESCC and found a consistent 

relationship with nodal metastatic burden. FSP1/S100A4 was markedly more frequent in tumor tissue than in adjacent 

non-tumor tissue. High expression was associated with lymph node-positive disease, advanced N category, a higher 

pathological stage group, more positive lymph nodes, and higher LNR. Patients with high FSP1/S100A4 expression 

had worse OS in Kaplan-Meier and univariate Cox analyses. However, the association with OS was no longer statis-

tically significant after adjustment for N category or LNR. The most cautious interpretation is therefore that 

FSP1/S100A4 marks a nodal metastatic and biologically aggressive phenotype, rather than functioning as a fully 

independent prognostic determinant in this cohort. 

The result is biologically plausible. S100A4 has long been considered a metastasis-associated protein and has been 

linked to cytoskeletal reorganization, motility, invasion, angiogenesis, and communication between tumor cells and 

the surrounding stroma [12-15]. In ESCC models, S100A4 silencing suppresses invasive behavior, whereas increased 

S100A4 expression is associated with changes compatible with epithelial-mesenchymal transition, including reduced 

E-cadherin expression [17, 18]. These experimental observations provide a reasonable explanation for why 

FSP1/S100A4 expression in surgical specimens may track with lymphatic dissemination. 

The stromal context is also relevant. CAFs are increasingly recognized as active participants in ESCC progression. 

They shape extracellular matrix architecture, secrete cytokines and growth factors, modulate angiogenesis and im-

mune infiltration, and influence therapeutic response [19-23]. Ha et al. reported that CAF-related markers, including 
FSP1, were associated with unfavorable outcomes in ESCC [24]. Our data are compatible with that literature, but 
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they emphasize a more specific clinicopathological connection: FSP1/S100A4 high expression was linked to quanti-

tative nodal variables, including positive lymph node count and LNR. 

The distinction between association and independence is important. If the analysis had stopped at the Kaplan-

Meier curve or univariate Cox model, FSP1/S100A4 could have been described simply as an adverse prognostic 

marker. The multivariate results refine that conclusion. N category and LNR are strong postoperative prognostic 

variables in ESCC [6-11]. Once these variables entered the model, the FSP1/S100A4 effect was attenuated. This 

pattern does not invalidate FSP1/S100A4; instead, it suggests that the marker overlaps biologically and statistically 

with nodal metastatic burden. For a pathology biomarker, such a finding is still meaningful, especially when the 

marker helps characterize the invasive phenotype represented by nodal disease. 

Clinically, the present findings support a limited but realistic use for FSP1/S100A4 immunohistochemistry. High 

expression should not be used alone to determine treatment. It may, however, serve as an adjunctive tissue marker 

that flags cases enriched for nodal metastatic aggressiveness and poorer postoperative outcomes. This positioning is 

more defensible than presenting FSP1/S100A4 as an independent prognostic biomarker, particularly in a modest 

single-center cohort. 

The Ki-67 findings were statistically significant but modest. Ki-67 remains a widely used proliferation marker, 

although its interpretation is context-dependent [25]. In the present cohort, ordered FSP1/S100A4 expression corre-

lated weakly with Ki-67, and the high-expression group showed a slightly higher Ki-67 distribution. However, Ki-

67 did not emerge as a strong OS predictor in the Cox models. This suggests that the main signal captured by 

FSP1/S100A4 in this dataset is more closely related to invasion and nodal spread than to proliferation alone. 

Several limitations should be acknowledged. A significant limitation of this study is that all included cases were 

pathological T3 and histological grade 2 (moderately differentiated). This reflects the composition of the available 

surgical archive but means that our findings cannot be directly extrapolated to patients with earlier T-stage disease or 

different differentiation grades. Whether FSP1/S100A4 expression carries similar nodal and prognostic associations 

in T1/T2 ESCC or in well/poorly differentiated tumors remains unknown and should be addressed in future studies 

with more diverse cohorts. Second, the study was retrospective and single-center, with a modest sample size. Third, 

the adjacent non-tumor control group included only 20 samples, so tumor-versus-control comparisons should be re-

garded as supportive rather than definitive. Fourth, the dataset did not contain a separate recurrence or progression 

event indicator, so PFS could not be analyzed as a standard time-to-event endpoint. Fifth, adjuvant treatment infor-

mation was not sufficiently detailed for treatment-specific modeling. Sixth, FSP1/S100A4 localization was not sep-

arated into tumor-cell and stromal-cell compartments. Future studies should use independent pathology review, com-

partment-specific scoring, and external validation cohorts. 

Despite these limitations, the study has a coherent and data-consistent message. FSP1/S100A4 is commonly ex-

pressed in ESCC tissue and is strongly associated with nodal metastatic burden. Its relationship with postoperative 

survival appears to be mediated, at least in part, through nodal disease.  

5. Conclusions 

FSP1/S100A4 high expression is associated with increased lymph node metastatic burden and poorer postoperative 

survival in resected ESCC. Its prognostic effect is attenuated after adjustment for N category or LNR, indicating that 

FSP1/S100A4 is better interpreted as a potential adjunctive pathological marker of nodal metastatic aggressiveness 

than as a fully independent survival determinant. 
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